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ABSTRACT. To determine if different habitat preferences and habitat segregations exist among epiphytic 
and hemiepiphytic Araceae, we recorded the heights above the ground among adult Araceae at Cabo 
Corrientes, Colombia. A differential vertical distribution was found among the aroid genera, the subgenera 
of Anthurium and Philodendron, and the species when analyzed independently. Distribution along the 
vertical gradient appears to be related to growth forms and morpho-physiological adaptations to the canopy 
environment, such as litter-trap growth, thick cuticles, and ramification type. Our results indicate that despite 
the importance that stochastic processes could have in maintaining species-rich assemblages in tropical 
forest, habitat differentiation also is detectable and appears to be playing a role in determining the high 


species richness of Araceae in the forest of the Pacific coast of Colombia. 


Key words: 
ferentiation 


INTRODUCTION 


The coexistence of large numbers of closely 
related plant species in limited areas has attract- 
ed the attention of many ecologists and set one 
of the guidelines of research in ecology: the or- 
igin and maintenance of high local species di- 
versity (Richards 1964, Schluter & Ricklefs 
1993, De Kroon & Olff 1995, Gaston & Wil- 
liams 1996). High local species richness may be 
a consequence of niche segregation among spe- 
cies (Tilman 1982, Schoener 1989) or environ- 
mental constraints, such as disturbance, herbiv- 
ory, or pathogens. Such population-limiting fac- 
tors may prevent competition as a consequence 
of space or resource saturation (Benzing 1978, 
Price 1984, Colwell & Lawton 1992). 

High species richness in limited areas fre- 
quently has been observed in tropical forests, 
especially among non-woody plants (Dodson & 
Gentry 1978, Gentry & Dodson 1987, Hammel 
1994, Foster & Hubbell 1994, Balslev et al. 
1998). Species richness occurs particularly in 
taxa with epiphytic or hemiepiphytic growth 
habits, such as Orchidaceae, Araceae, and Pte- 
ridophytes (Galeano et al. 1998a, Nieder et al. 
1999). 

In the tropical rain forest along the Pacific 
coast of the department of Chocó, Colombia, the 
richest species taxon is the Araceae. In a 0.9-ha 
sample, Araceae accounted for 10% (100 spe- 
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diversity maintenance, epiphytes, growth forms, hemiepiphytes, leaf morphology, habitat dif- 


cies) of all the vascular plant species (Galeano 
et al. 1998a). This high species richness was rep- 
resented by epiphytic and hemiepiphytic species 
mainly of the genera Anthurium and Philoden- 
dron. 

Among the Araceae, different habitat prefer- 
ences have been described that may relate to the 
autoecology of the species. In the forest, these 
preferences may determine the position along 
the vertical gradient of species with epiphytic 
and hemiepiphytic growth habits. With the ex- 
ception of a study by Nieder et al. (2000), the 
vertical distribution patterns of Araceae have 
been described based on few species (Kernan & 
Fowler 1995, Mantovani 1999), rather than on 
all species occurring at a study site. The patterns 
described by Neider et al. (2000) illustrated dif- 
ferences in the vertical distribution among the 
Araceae genera, but whether these differential 
patterns also are present among infrageneric 
groups and species in a genus remains unknown. 

In this research, we studied the vertical dis- 
tribution patterns of hemiepiphytic and epiphytic 
Araceae species in an especially aroid-rich area 
along the Pacific coast of Colombia. Our pur- 
pose was to establish if the coexistence of large 
numbers of aroid species in this area could be 
facilitated by differential vertical distribution 
(habitat segregation) among species and to de- 
termine if different habitat preferences are evi- 
dent among infrageneric groups and species. 


METHODS 
Study Area 


The study was conducted from January to 
April 1999 in a tropical wet forest at “El Amar- 
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gal” Biological Station (5°34'N, 77°31'W), in 
Cabo Corrientes peninsula, on the Pacific coast 
of the Department of Chocó, Colombia. Mean 
annual precipitation is 7245 mm, and mean an- 
nual temperature is 25°C (IDEAM and Funda- 
ción Inguedé, unpubl. data). The relative humid- 
ity usually remains above 90%. This region has 
a hilly-undulated topography, not higher than 
200 m and with slopes of 10—50°. The area is 
covered mainly by non-disturbed tropical wet 
forest, according to the Holdridge classification 
system (IGAC 1977) with selective logging of 
some tree species (Galeano et al. 1998b). Details 
regarding vegetation structure and composition 
of the area can be found in Galeano et al. 
(1998a, 1998b) and Galeano (2001). 


Data Collection 


In an area of 1 km/’, along five 1-km-long 
transects perpendicular to the coastline, 25 plots 
of 400m? were situated every 250 m, providing 
a total sampling area of 1 ha. In these plots, all 
adult epiphytic and hemiepiphytic Araceae were 
recorded, vouchered, and measured for height 
above ground. For plants with hemiepiphytic or 
epiphytic-scandent growth habit, height was 
measured at the highest point reached by the 
plant. Height of individual plants was estab- 
lished through telescopic clipper pole tubes of 
1.5 m, divided in 4 sections of 32.5 cm. Plants 
that presented no connections with another were 
considered as independent individuals (Leim- 
beck & Balslev 2001). Differentiation of adult 
and juvenile plants was made by observing the 
presence of reproductive structures or mature 
morphological features, such as shape and size 
of leaves that vary from juvenile to adult stages 
(Mayo et al. 1997). 

To survey the upper stories of the forests, sin- 
gle rope climbing methods were used (Ter Stee- 
ge & Cornelissen 1988). Vouchers were depos- 
ited at the Universidad Nacional de Colombia 
Herbarium (COL) and the Missouri Botanical 
Garden Herbarium (MO). Determinations were 
carried out by T. Croat and M. Grayum (MO) 
and M. Mora and J. Jácome (COL). 


Data Analysis 


Non-parametric statistics were applied, be- 
cause the variable height was not normally dis- 
tributed (Fowler et al. 1998). To determine if a 
vertical differential distribution existed among 
genera and subgeneric groups and species in 
each genus of Araceae, we conducted Kruskall- 
Wallis and U-Mann-Whitney tests. To avoid bi- 
ases caused by inaccurate distributions, we ex- 


119 


cluded from analysis species with less than ten 
recorded individuals. 


RESULTS 


For the 25 plots sampled, 2957 adult individ- 
uals of 52 species and 7 genera of epiphytic Ar- 
aceae were recorded. In the distribution analy- 
ses, 2919 individuals of 41 species and 6 genera 
were considered (APPENDIX). 

The Araceae genera studied had different ver- 
tical distribution patterns in the forest (Kruskal- 
Wallis-Test: H (5, N = 2955) = 334.49 P < 
0.001). All genera were present at different 
heights, with exception of Philodendron and 
Monstera, which presented similar distribution 
patterns (FIGURE 1). Most of the Araceae genera 
were distributed at 0—10 m in the forest, with 
exception of the genera Stenospermation and 
Anthurium, which surpassed this height and 
were found mainly at 10—20 m in height. Wide 
ranges of vertical distribution, however, were 
observed especially for the genera Anthurium 
and Philodendron. 

The taxonomic sections of Anthurium had dif- 
ferent vertical distribution patterns (Kruskal- 
Wallis-Test: H (5, N = 839) = 110.68 P < 
0.001). Species of sections Leptanthurim and 
Porphyrochitonium were located principally 
above 10 m, whereas species of the sections Be- 
lolonchium, Calomystrium, Digitinervium, and 
Dactylophyllum were found to grow at 0—10 m 
in height (FIGURE 2). 

A difference occurred in the vertical distri- 
bution patterns of the subgenera of Philoden- 
dron (U = 176191, z = —13.9, P <0.01). Phil- 
odendron subgen. Pteromischum was found re- 
stricted to lower heights, whereas subgen. Phil- 
odendron was distributed along the entire 
vertical gradient (FIGURE 3). 

We detected differences of vertical distribu- 
tion among species of Anthurium, Philodendron, 
Monstera, and Stenospermation (TABLE 1). 


DISCUSSION 


The Araceae in Pacific coast forests grow 
preferentially in the first 10 m of the vertical 
gradient (FIGURE 1), as previously reported for 
other tropical rain forests (Ter Steege & Corne- 
lissen 1989). The preference or partial restriction 
of the Araceae to the understory level in the for- 
est may be a consequence of the lack of major 
adaptations to the xeric environmental con- 
straints of the epiphytic habitats (Benzing 1990). 
Genera with epiphytic species, such as Stenos- 
permation and Anthurium, however, were ob- 
served at higher levels, indicating a morpholog- 
ical or physiological heterogeneity among the 
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Median, quartiles, and maximum and minimal height of the Araceae genera in a tropical forest 


in Cabo Corrientes. Genera with the same letter indicate no significant differences in the height distribution 


between them. 


aroids. This heterogeneity previously was ob- 
served by Mantovani (1999), through analysis of 
leaf morpho-physiological features. He found 
that Araceae, which adapted to the xeric canopy 
condition, had succulent leaves and thick cuti- 
cles. In our study area, these features may allow 
the establishment of some species and subge- 
neric groups in the canopy level, determining an 
adaptation gradient among the Araceae. In An- 
thurium, the species of sections Porphyrochiton- 
ium and Leptanthurium were distributed higher 
than species of other sections (FIGURE 2). In par- 
ticular, A. paludosum (sect. Porphyrochitonium) 
and A. friedrichsthalii (sect. Leptanthurium) dif- 
fered morphologically from the other species, by 
having succulent leaves protected by thick cu- 
ticles. The other Porphyrochitonium species 
were characterized by short and thick stems, 
with leaves around the stem in a rosette. These 
morphological features of Porphyrochitonium 
species, which give them the common name of 
birds’ nests, increase the interception of litterfall 
and rainwater (Sheridan 1994). In this way, the 
species could be facilitating their presence at 
higher levels, operating in a way analogous to 
tank-type bromeliads (Benzing 1990). The dif- 
ferential distribution patterns among taxa, such 
as the one described for the sections of Anthur- 
ium, previously have been described for Bro- 


meliaceae (Benzing 1990), with xerophytic, me- 
sophytic, and hygrophytic species. 

In Philodendron, we observed a differentia- 
tion in the habitat preferences along the vertical 
gradient among subgenera, which may be relat- 
ed to morphological features of the groups (FIG- 
URE 3). Subgenus Pteromischum, which shows a 
preference for understory environments, is char- 
acterized morphologically by a reduced foliar 
area, membranaceous leaf consistency and by its 
sympodial growth with indeterminate number of 
leaves in the lateral branches (Grayum 1996, 
Croat 1997). This growth habit, which implies 
greater production of lateral shoots and leaves, 
together with reduction in the foliar area and 
membranaceous consistency of the leaf may. be 
operating as a successful adaptative mechanism 
to the low irradiation and high humidity condi- 
tions of the understory level. In contrast, species 
of the subgenus Philodendron, mainly distrib- 
uted above species of Pteromischum, have phys- 
iognomically monopodial growth, in which the 
apical meristem produces usually only one leaf 
and one inflorescence, the vegetative growth 
continues in a subjacent lateral meristem, and 
branching is present only when the apical mer- 
istem does not produce flowers (Croat 1997). 
The physiognomically monopodial growth of 
subgen. Philodendron may limit the production 
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FIGURE 2. Median, quartiles, and maximum and minimal height and growth form of Anthurium sections in 
a tropical forest in Cabo Corrientes. Sections with the same letter indicate no significant differences in the height 


distribution between them. 


of large numbers of leaves, as in subgen. Pter- 
omischum, which may be in response to an ir- 
radiation deficit in the understory and a prefer- 
ence for middle heights. The increased leaf area 
and prevalence of cordate leaf forms in subgen. 
Philodendron may be operating as an adaptative 
mechanism related to the limited production of 
leaves and the light deficit in the understory. 
Despite an overlap in the vertical distribution 
of some species, differential distribution patterns 
among the Araceae species were observed, sug- 
gesting a niche separation among them (APPEN- 
DIX, TABLE 1). Niche separation patterns have 
been reported to represent environmental hetero- 
geneity (Lieberman et al. 1985, Hubbell & Fos- 
ter 1986) or to be a consequence of competition 
among related species (Tilman 1982). In this 
way, the spatial separation among Araceae may 
indicate not only different habitat preferences 
but also competitive interactions. No empirical 
evidence was found to indicate that spatial sat- 
uration may be driving competition in the Ara- 
ceae community of Cabo Corrientes, and no 
findings were recorded of possible interspecific 
competitive interactions at reproductive level, 


such as pollen transfer interference. Studies, 
nonetheless, have established that neotropical ar- 
oids possess highly specialized pollination 
mechanisms (Croat 1997), which may make the 
maintenance of highly diverse and dense “‘spe- 
cies-packing’’ Araceae communities possible 
(Grayum 1996, Schwerdfeger et al. 2002). In 
this way, a differential vertical distribution may 
indicate that reproductive competitive interac- 
tions previously occurred and could be operating 
as a mechanism to reduce pollen interference, 
because pollinators are documented to have 
preferences to particular habitats or stories in the 
forest (Seres & Ramirez 1995, Ramirez 1993). 
Within the genera Stenospermation, Monstera, 
Syngonium, and Rhodospatha, such a habitat 
segregation process could explain the finely 
tuned vertical differentiation among the species, 
for which no evident morphophysiological dif- 
ferences were observed. 

In a tropical forest with fewer aroid epiphytic 
species in Surumoni, Venezuela, Nieder et al. 
(2000) found differences in the vertical distri- 
bution pattern between Anthurium and Philoden- 
dron, which seem to be consistent with growth 
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FIGURE 3. 
a tropical forest in Cabo Corrientes. 


habit differences (epiphytic and hemiepiphytic) 
of these genera in the area. In our research, the 
vertical differentiation patterns were more finely 
tuned, involving more genera, and were ob- 


TABLE 1. Summary of Kruskall-Wallis ANOVA 
(Analysis of Variance) in vertical distribution of 
species within the Araceae genera in the study 
area. df = degrees of freedom. N = number of 
individuals. H = statistical value of the test. P- 
value = probability. 


Genera df N H P-value 
Anthurium 11 839 332.8 0.01 
Monstera 3 107 59.71 0.001 
Philodendron 16 1563 570.02 0.01 
Rhodospatha 2 90 7.89 0.019 
Stenospermation 2 299 92.37 0.0001 
Syngonium 1 61 2.83 0.09 
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served within species of a genus and among sub- 
generic or sectional groups. This clear vertical 
separation pattern could be a consequence of the 
greater number of aroid species in the Chocó 
area, involving more defined habitat differenti- 
ation, and possibly competitive interactions. In- 
terspecific competition could be more important 
in some epiphytic plant communities than in 
others. Such a situation has been documented for 
aroid communities in flood plain and terra firme 
forests in Amazonian Ecuador, where the density 
of phorophytes becomes a limiting factor (Leim- 
beck & Balslev 2001). Thus, even in the same 
plant family, changes in environmental condi- 
tions may subject communities to different con- 
straints. The search for a single mechanism that 
determines the coexistence of species in tropical 
forest may be flawed and unhelpful. 

According to our results, the Araceae show 
different and well-defined habitat preferences 
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List of Araceae species reported from Cabo Corrientes, with number of individuals (N) and mean, 


standard deviation, minimum, maximum, median, low quartile, and upper quartile of the height along the 


vertical gradient. 


Species N Mean 
Anthurium acutangulum 71 7.6 4.1 
A. brownii "A2 14.3 
A. cucullispatshum 27 12.0 5.6 
A. emminens 10 5.4 2.4 
A. friedrichsthalii 248 16.6 6.0 
A. hacumense 171 9.8 5.5 
A. paludosum 64 22:5 6.6 
A. panamense 28 3.4 2.6 
A. ravenii 58 10.1 5.9 
A. subsignatum 62 4.5 2.1 
A. indet sp. 1 65 9.3 5.0 
A. indet sp. 2 13 ee 4.1 
Monstera minima 25 4.6 222 
M. pinnatipartita 28 7.8 2.1 
M. pittieri 20 17.9 Dee 
M. spruceanum 34 8.0 3.5 
Philodendron alliodorum 430 6.7 2.9 
P. bakeri 70 19.9 6.1 
P. croatii 28 7.4 4.8 
P. ensifolium 14 T-3 2.9 
P. fragrantissimum 208 5.8 
P. hederaceum 154 21.0 dat 
P. heleniae 63 13.2 5.9 
P. jodavisianum 79 6.8 2.4 
P. ligulatum 37 10.3 3.3 
P. opacum 17 3.9 2.4 
P. platypetiolatum 34 8.8 3.6 
P. pseudoauriculatum 105 8.4 4.3 
P. rayanum 152 6.6 3.1 
P. sagittifolium 88 10.5 a 
P. sulcatum 27 8.1 3.9 
P. sulcicaule 29 12.6 4.7 
P. tripartitum 28 10.1 3.9 
Rhodospatha monsalve 15 PA 
R. pellucida 23 4.4 . 
R. wendlandii a2 4.3 2.6 
Stenospermation angustifolium 42 18.6 4.6 
S. multiovulatum 67 8.5 4.0 
S. robustum 150 15.7 5.5 
Syngonium llanoense 28 5.5 2.3 
S. macrophyllum 33 7.6 4.3 


along the vertical gradient, which seems to cor- 
respond in some cases to morpho-physiological 
features and growth forms of the species and 
subgeneric groups. Thus, although stochastic dy- 
namics may play an important role in the main- 
tenance of species richness in epiphytic environ- 
ments (Nieder et al. 1999), habitat differentia- 
tion processes and possibly interspecific com- 
petition at reproductive level also may be 
operating. 
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